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PROBLEM TO BE SOLVED: To provide a lithium ion secondary battery in which discharging 
capacity is enhanced, and safety and cost performance are superior. 

SOLUTION: A lithium ion secondary battery is composed of a positive electrode, a negative 
electrode, nonaqueous electrolyte, and a vessel containing them in a sealed state. In the lithium 
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discharged from the positive electrode active material precursor into a negative electrode active 
material mainly composed of metal oxide. 
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2 VKJi©«tt-C*>0, 4. 2vsi±<Dmmz&^xt± 

LiMn 2 0 4 ©M^OLi-ftyfiO. 9HSft£Lh 
(4. 3Vfc*5^TttO. 9 5^t^±) J&5&ffl$;ft, 
5p U^UftdS^L iMn 2 0 4 O^itd^^m^ra^ 

oo 2 (c^tttti o— 2 o%/h$v\ *mm<o yf^ 

ttKitOfiHSftfciK**^*** (L i -Y^-^Jf A) 

i -r ^-^scHiSSr £ r> t>v±% < -r s r £ &*&m t * 

S« ftot, LiMn 2 0 4 SriEffififteSOjSjitlSJPMc 
ftV*S»frf±« L iMn 2 0 4 IC^blCL i^^tm 
AU^ag-efeSaS5c^cOL i 1+x Mn 2 0 4 *«ttfl: 



[0029] sttftttrojEttn&«imtss#o li 1+x m 

n 2 0 4 tt^±T$^fc5rt*^, 

4 7 5 7 3^^^ClB«$i^XV^S<t pft^^filfiKO 

sifpmi'&^^o^'c, y ^^A^^^fiMfcttt l 

±r^op^&*aej&t&£ii:S;fr2r. £>Sv^IESi±<o 

[0 0 3 0] Mfi«ft©«*rtK:*5VN-c\ ttmicioT 

jEWStt»Kottffiflc*rBI«-r«l«ittft**fc urri 
EJtTO^&atMf S t jP-C# So 

i) y^^A^v^viftft»srfttf5Eae»it^a»* 

^$HfcjEffi*«flcofil^Htti2#®^®lz:, l i 
3) y^^A^>^v»ft*Sr^tfjE«»«ft»K*^ 

[00 3 1] 4 ) Mlfefttt^&ftftft«S4Hnir*f|c 

3^a»snfcA«»«*icL i u< »l i 

&, ft*J. w<o^m<oiSaic*3V>T. AttoftCSftft 

WKfWitt *«±<o y ^ ^ a a e&mi- <tor 

So 

[0032] ±&<D&m<Dtj:frX&* UV^tt2 3 
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i 



#iu-rz>^btfx^z>o ^mw<om^^^ i i+x Mn 2 

V\> LiCo0 2 ^^iltifiW^lt, 

m&tteztz&<Dtbmft<oft*w&&.^ o. s<x 

fc^ttT^M<HLi y Mn 2 0 4 (0<y< 

0. 3) <DM&<Df%toK&nbfrZ^£&&^*>Z* 
£ jft^&OiMn^fc&^ttL i y Mn 2 O 

4 (0<y<0. 2) Kf^ft-f* - 

[0 0 3 3] *3gWC*5l>T. Mb^Tt^-M?& 

LiyMn 2 0 4 (0<y<l) 
0. ^^miC||^SjE«i?§^lK^m^ s > LiyMn 2 

o 4 (Ky) £ft£C£ttftv\> *fc, ^^<o^ 

F±. L iy Mn 2 0 4 (0<y<0. 9) -Cfc£o 
[0 0 3 4] V ^*A^v#v&ft4&£L i&&t>lX 

$|il0-100Mm^fU\ y^* a 
t^ttT«:, Li-AK Li-Al-Mn^ 
Li-Al-Mgl, Li-Al-Snl, L i — A 1 
-In. Li-Al-Cd^*W^5 fl Li& 

[0035] **wg> y A-#m?&-ett, m<oA& 

U-CH:. y^frA^JL _hfa<£>y^* 

A-&&ft^ y«w*y*fc»5W^*W* 

A&ji^y^*A^&<owftSft^ y^*A-f*vfc 
[oo3 6] »wrey »«fc©«*fc 



til **9!oy^*A^ (Rffi^o« 

— h9. pm**MB1-3fc*^'* u ~* 10 * 

* c *fc«fcrtlCtt. 5«^14#RtfMvCV*a. IE 

[ o o 3 7 1 je. <«©wif- h flnwftwi^ 
;t-c ft (r<o*s^££*!k *>5vMi«ffi^*J 

[0 0 3 8] ***jT/fe«»^*5V^T. ^ 

a*, »um» §&K-#m$h ±#m#&ft 

if) , ax««. *~#irF9v*+ T-tWfy? 

7 ~ v v«aM*fc ^ «* fcr± m e> 

[0 0 3 9] feSflRl^ti, H*. "CA/^A/, #P 

n-^, #y tr^w n y h\ at? y tr^trn y kv, 

^^^y-^^ (E P DM) . ^/U*yftEPDM, * 

A^Sr^i-^ ^ y ft 1 fcli^^bco^ 

^fcLTffiV^^tv5o tt«*l<OtaaiD*tt. 2-3 011 
[0 0 4 0] ***nfc«6lC43V^T, ft 

*»bfc jB c $ ft v >a^^$r»^ ft t* t> n v > s ^ 
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[0041] &n,&t tttt, «^$ttfcm?&lc*>v^r 

yK Tyw^~t7-^ T/V 
7^^;fe5v>^&^S£i**:fc<z>, A&ictt, $mt 

37*-.YyW oisa^ :7^yW^ K ^yh 

-5c 

[0042] nam (mms&m i*. 

%~&^—y s ^u:/7J— tf*— k ^i/y*-* 

K h> % 1, 2-S*t* 

^f/W7t^VK, 1, 3 -my7^ *yv 

[0 0 4 3] yf!>AttU(t fljxtf L i C 1 
0 4 . L i BF e . LiPF fl , L i CF 3 S 0 3 % L 
i CF 3 C0 2 % LiAsF 6 , L i S b F 6 , LiB 
ioC 1 10 , ttaUBBBR^^Vifcy L i A 1 C 

1 4 , LiCl. LiBr, Li I, ^ntuf??^ 1 ;^ 

V^S^tvU*— zK*— hO^^lCL i CF 3 S 
O a , L i C 1 0 4 , L i BF 4 *S «fctf/£>5 i 
PF 6 &^t?nMWl$:m^2>Z- &0*&$LV\ 

[0044] mMft\zmm-r z>mM&<o&tt, w\cmm 
&tm^t>tiz>o &st<Dtmtt&K* »^.mmtb^ 



h<Dm>-£&<D®<&^ 0. 4/0. 6- 
0. 6/0. 4 (1, 2-^7* Y*is=.fVb&*&fi' 

h^ffi-r^tt^fi^it^WLO. 4/o. 

6 — 0. 6/0. 4) -efcsrtas^Li^ ®MW<v 
o. 2 — 3 i e/v*W*UV\ 

[0 0 4 5] taamtcra:, ^(om^mmm^mms^ 

fcio $ t>\z s #yr* y ta- ^ y^^^^i- 
mmwe o-i 7 6 8^&®) *>*gib*vrv>5 0 

[o o 4 6] #$giE<oy ^v^x-^-frnm^ & 
ic^ra-rar^^-c^So MZ&s trys»\ by^ 

/V7d-7,7r^ K hy^^y— /VT^V, r 

/k Egj&r>-^-^c7AJ^ x zKy^^v^y /k tr 
>^^^>r ^ h\ hyr/v^*7,7-<y, ^eyw^^ 

y^. ^yv^^yvg^or y -yHk^, ^^/^ 

/^^^ y^^hyr^ k> 4 - tas^-j^/v-?* y 

[0 0 4 7] m^^SrT^&^i-6fe^^-&^n 

[004 8] ±y< Ltft 7^:^ te<4 X^migim 

ffiv^p,iv5 0 H*tt«ffltt ^yzc^uv 
^y ^utruv^^o^ix^^v^zKy-^— fc-5v>ii 

m?&ffii:Ur^^<Sffl x iS^O. 01-10/im©j5 
ffi-Cfe^o ir^i^-^oj|[»t>Mmc« ii^5~3 0 0 

[oo4 9] ^fc, JEm&vow<D&m&&it-rzzki> 



[0 0 5 0] W&^JBW* 3 -^ K ^> 

jy^ ft fc£VvT*lfc a-f^WV 

WMftcofflifttLfc**^ 10^5 0 0 

[0 0 5 11 *JWitf>*»Tf»feH6y^9^*^— 
77 ^7, -^K^*^ 

•v. m^cv^w^ m?nR«k atwuns* h^v* 
mibx^. ***** **p*-f* 

^w#ife)^o ^<^mi-. a*** 

*\ MMM* 56*, ^-^«^> p-FaXf-ff ■ 

s 0 sic. ^mmmffl. «»fcttflv^ii:«# 

[0 0 5 2] 

[00 5 3] Qfc«|S«Jt«iKff 
(1) SnB 0 . s P 0 . 5 O s «IS**A-1) 
SnO (6 7. 4 g) . B 2 0 3 (17. 4g).Sn 

2 p 2 o 7 (102. 8 g ) tja^u 

=/^^#H«T-e l OOOttl 0f$H&j££fTo 

f Ce ioot:/»«>ja«"CA*u lt£389J;tf 

7^«Oft«««K«rW*l c SnB 0 .5 p o.s O3 



(2) TE^«S4MWWB**r**^ 

Sn, 5 K 0 . 2 PO3.5 (ft^*A-2) 

SnAld B 0 . 5 Po.s MSo.i F o.2 °3. is <ft* 

[0 0 5 4] [j£^^«#I^* WW <^® ] 

( 1 ) X * A*t»MltaW> Li lt02 Mn 2 0 4 (fc* 

»C- 1) 

^5-50jim, BETt®i4 0-7 0m 2 /g^ 
nili%OT©Mn 2 0 3 i:Mn 3 0 4 *5.};tf3Ea 

nCWWttfl- 0 2/2fc*S*5fc«3«>l'<tt* 
5*TC»S*U lOOttl^WUct, 4 0 0-6 

ooW4 8i$RSft , t , t«*tt. MMWftfttt 

«-C 1 2 . 5 m m) o B E T^ffi«»»«#frKW* 

jfe* I CP fcX»H*r-eWH6bfc»** «W*tt^^* 

/HB ASl*3»«> L i L «Mn 2 °4 T?*>ofc. Cu«8 
t«v^XlBKfW»t*2 6 = 3 a©®**-**)* 

<D&^5£&te 8 . 2 2Atifeot fttfcfe't'fctt 

^5g?rl00cc ©*B*K:»«U-C p H*H*Ufc 

tt^:, 8. O-Cfcofco 
[0 0 5 5] (2) Li 2 Mn 4 0 9 tffe*»C-2) 

Hi 4 Mn 5 0 12 (ft«4fcC-3) 
^j&£Hq=£:^*6 5 0^ 4 8R3fr9-e— WLV>&f&± U 

i/Mnlfc) §rfIt^^^^o^ Li 2 Mn 4 0 
9 Ut&®)C-2) . *5<tt^L i 4 Mn s 0 12 

c-3) Sr^Ufco r*t€>ttv^-TtLt>aA/«^^*^ 
M«5t^t>ofc^a^fe9. ^^TV«I*L i 2 Mn 4 
0 9 3559 Mm, L i 4 Mn 6 0 12 ^2 0 M m-Cfeofc 0 
[0 0 5 6] (3) LiCo0 2 «fc<&*C-4 :iE« 

Co 3 o 4 , Co 2 o 3 <oa*»fcK»y^A«:L i 

6 0 0W4W, $^t-8 8 0^8^^^ 

^ i^T >^~C 6 m m> BE Tfeit^ffifllA 5 
0! 5m 2 /g-Cfc^ X$k®mz£^XL iCo0 2 
ir^^^^fco JiIBO^-e»I«Ufcffi^lt<0pHttl 

0. 5 ~C$?ofco 
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(4) L i N i o s Co 0 . 2 O z (it^&C-S :JEm 

JbEBO (3) icfBfl^fiCftOlMMC* y * /v* 

&mUt UXS^U 8 0 0 < C-C®^#H^TICT4 8 
^pf^co^^tr^Tp :tiaot, LiNi 0 . 8 Co 0>2 

[0 0 5 7] [ttffftffl^tOffsS] 

(1) jES^J^-h 
jE^ttKttBfrjDg(ft& LTte^C- l & 8 7ft 

%. aslant ut^yf hyz7/^u^^u^<D?K^m 
<&zm.m%k&))T9 da*-*- b y ^aiii%^ 

£rJ¥£ 2 OMmOT/l^~*A:7^/W*Oi^©|£^fiL 

4 Og/m 2 . &1fiBg<0&W3:*$£ : £ 1 2 0 u m-Cfco 

(2) ttfi«*!|$'--b 

mhmkimm:& lt^^a- i * 8 6tt%, t$ 

UT^^w^-^^^=rAO^m^4S^ 
/m 2 % ^^<OiP^«:j3j;^:3 0 Mm-Cfoofc p 

[0058] if}) >?mmi&<Dft9a 

(8) . ^LT^Lter/nf 1/^7^;^ 

(-feyv^f — K 2 4 0 0) (10). m^tm&*v>fiM 

&m*s—v (9) , tut/^^ do) comi-?^ 

ft (1 1) (ftWflT-^rjlKfoS) iCJR^Ufco wCom?& 
+ ®8?Jft£<!: UT 1 ^eyi*-/ D y hyk© L i P F 

^f/u^*-h0 2 : 2 : 6 (f«»Jt) ■£-«) £r 
$AU, jEffiAg^Sr^rsmi&S (12) Sr^fx>5ry 

©&&ffc»Lfc. **5. jE&$3&^ (12) WtjE«**h> 

(8) (i i) tit. ^m^Mis- h 

(9) &*>&d>Cti>9 — KOTIZ£ 0«KU ©ftfeftlc 

(14) SrRttfc. 



[0 0 5 9] [*fc««?&2 - 5] iEffie^S^Kfrt U 
TC- 1 RlfWtT, C-2. C-3. ^^tFC-l^C 
-4i:02 : 1 (SftJfc) ft«*« ^UTC-ltC- 

5fc<02 : 1 (fifiit) ««*Sr«v\ «^ASIS«K 
MBtttb UTA~licf^^TA-2, A-3«rJBv\ £ 

#8x-cm?&£:fESi U *:jh,«i* 1 fc^ LfcjE«/AS 

[0 0 6 0] [*»WO«»«rK#6 — l 0] @$30 
iim(DL i&M?&$r$g2 0 mm. f $32 OmmlcM 
L (IttLTiS^lOOmg) . Hfc*4*lRl«r4 
mm©J&-«©WJi-fc$M»b*:«, S£-6 Oleosa* 
a«+"C. ±CoX«HStt jmBfflRftC - 1 - 3 

JSm^rti 1 4 mm. f$3 2 0 mmlcMt (S&£ b 

i fee- 4 bvm&vti&xxfic-i to- 5 t(om.^m 

~ 6-10 Sr^S 

[006 1] [^^C0®?&M^# 1 1 — 15] lEm^ 

i>m&m<n$mm (w$5/im) srMRufctt^ 

±\C S ±|20m?&6— 1 0 fc|BJ«Kl, 0 fim<DL 

i^MfS (*!2 0mm. |$320mm, Hi: tt^i 

*iia«rJB#i i-i5 «rff§gufc. 

[0 0 6 2] R&HomfttHRftl 6-1 7] EH^ 

Mis— b<Dj^<Df£&^mmmmw£znx\t^^T/i' 

Srff $ 10m mlc»^SR« ^<0(^©o±(cjp$ 2 0 
0 m m<DL i^JUfSl 0 OmgSrEfo^ 7**ottt 

mctt yf-^A^tyi^mi5i#i 6-17^ 

[0 0 6 3] [*^(^!;^t>A>f^-xz:^m?&6-i 
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I 




£u m?&Mf^6 — i s^ov^ra^—s^^i b 

[0 0 6 4] [3&9l0WMIflB* 1 8-2 2] J?£3 
5 m m<DL i 4£JH$&&\ ♦g2 0mml$3 2 0mmtcl 
BfL (ItittmiOOmg) „ 1^-6 0^0 

«na©A«s*aw9K#A- 1 - 3 

pyf-^M^-^iW^l 8-2 23rfEMl 

[0065] te¥£w<Dmmwim.&2 3-2 7] 

Sil^^fiirSIH (¥^*5|im) ftttRU^£Jl^ 
&BfltflM0-bti:« _bS<o*:|5W<o«mi 8 — 2 2 £P 

«iC. ®:^3 5MmcOL («2 0ram^$ 3 2 

Omm, Ittim^lOOmg) €rft# 

y^-^A-f*^— *W&ttffi*2 3 — 2 7$rfE 

lit 

[0 0 6 6] D*3B HOmMUHt 2 8 - 2 9 ] 
^JS^f- h Mot, -tilvWt* 1 l&**t-jB|i/A 



2 8 — 2 9&f£3&Ufc 0 

[0 0 6 7] Mioyf^A^ftyiWis- 

2 9 <DJBH JiSBOL i 4ka%a»UfcAS^SI^- h 

HttML #»«ffilil»*rttlIU 0. 2A<o-£®*fc 

[0068] [ I> ^* * A^f tyi*«fiOffffl *«W 

mjE4. 2V. ^m^-ltmflE 2 . 7V, *ik««i*Srl 
mA/cm 2 (Dt>^-Cj^«5 3Sb^jg5cm^^rT^m^a$: 
fMUfCo *B^^y f !>A>ft^I?l!il 8-2 9 

^@*iih^jE4. 2v. nmn±mEi2. sv v * 

3Sfcm««*S 1 mA/ cm 2 <D t> "CH jg U35&m£ 

[0 0 6 9] _hiB^jt^m?&^<tiw:^^^mmojES 

fithmmt* I CP»*»«H5fefcXl»lHl*f-C»«rLfctt 

o.os-o. io Mn 2 o 4 <D$mbti:z>u&<o&M$>-em%5. 
t Kzm&\*mi&<Dtfrm&&tt 3 0 %^±.(D^m 

[0 0 7 0] 
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5 1 


3. 


6 6 
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(«SS±) 
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0. 


4 8 


3. 


6 6 


1 3 
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3 


(«HB_b) 
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5 0 


3. 


6 6 


1 4 


c- 


1/4 
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0. 


5 6 


3. 


5 6 


1 5 
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1/5 
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5 6 
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4 9 
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6 5 
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6 5 


2 4 
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2 


(emm±) 
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6 6 
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0. 
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0. 
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